Porcine reproductive and respiratory syndrome (PRRS) first appeared in the USA in 1987. It has been recognized as a serious pig disease in many countries. This disease is characterized clinically by severe reproductive failure in gilts and sows, weak and sick neonatal piglets, and respiratory syndrome of nursery-age and finishing pigs. 1 PRRS virus (PRRSV) has been isolated in Europe and North America, and both isolates were identified as a small, spherical, enveloped virus. 3 Some researchers have described the subtle disease differences and pathogenic variations among PRRSV isolates in the USA and in Europe. The genetic differences between European and US isolates are striking, especially considering that they are thought to be the same virus. The amino acid sequence identities of open reading frames (ORFs) 5, 6, and 7 for US isolate VR-2332 and the European isolate Lelystad virus (LV) are only 59%, 78%, and 65% homologous, respectively. 6, 7 In recent years, PRRS has occurred in some regions of P. R. China and has caused severe economic losses in the swine industry. Here, we describe the first isolation of a PRRSV isolate from a pig herd in the central-eastern part of P. R. China. The gene products of ORFs 5, 6, and 7 are also characterized.
From September to November 1997, 6 weak, clinically ill neonatal piglets, 2 stillborn piglets, and 80 serum samples were submitted for diagnosis. The piglets were derived from different sows in a herd affected with epizootic reproductive disturbances (abortion, stillbirth, weak piglets). The serum samples were all collected from breeding and growing pigs in the same herd located in Shanghai, P. R. China.
In this herd, 60% of pregnant swine had late-term abortions or premature farrowing, with about 40% stillborn fetuses and about 1% mummified fetuses. Approximately 30% From the Veterinary College, Nanjing Agricultural University, Nanjing 210095, China.
Received for publication October 20, 1998. of the neonatal pigs had anorexia, fever, lethargy, roughened coats, hyperpnea, coughing, diarrhea, and red/blue discoloration of the ears and vulva. Mortality was around 30% overall. Serum samples were tested for antibody to PRRSV using a commercial enzyme-linked immunosorbent assay (ELISA) kit a following manufacturer's instructions. The results showed that 76 of the 80 samples and all of the serum samples from the 6 weak, clinically ill neonatal piglets and the 2 stillborn pigs were positive.
For virus isolation, lung from ill piglets was ground, and a 10% (w/v) suspension was prepared in phosphate-buffered saline (PBS), pH 7.0. The suspensions were clarified at 8,000 ϫ g for 20 minutes and filtered through a 450-nm filter. The serum sample of each ill piglet was similarly filtered. Marc-145 cells were grown in cell culture plates as previously described. 4 At cell confluence, 3 plates were each inoculated with 500 l of lung homogenate or serum sample and incubated at 37 C for 2 hours, then 10 ml of Dulbecco's minimal essential medium containing 4% fetal calf serum was added and incubated continuously. The cultures were observed daily under an inverted microscope. One cytopathic isolate, designated S1, was detected in a single subculture, which showed lysis, rounding off, and clumping of the cells. The isolate was passaged 3 times. When Cytopathic effect (CPE) reached 50-70%, the cultures were stored at Ϫ80 C for further characterization. The isolate in the cells reacted positively in immunofluorescence with PRRSV antibody, b whereas uninfected control cultures did not. The replication of this isolate was not affected with 5-iodo-2-deoxyuridine. It was sensitive to treatment with chloroform at 37 C for 1 hour at pH 3.0 or 8.0.
As previously described, 2 4 7-day-old suckling piglets were inoculated intranasal with 10 5.0 TCID 50 of the S1 isolate (third passage). Daily clinical signs were observed, and blood samples were obtained at different intervals from in- fected pigs for 28 days postinoculation (PI). On PI days (PID) 2-3, the pigs were depressed and developed anorexia and facial edema. Pigs euthanized on PID 7, 14, and 28 demonstrated the presence of proliferative and interstitial pneumonia in all pulmonary lobes on histologically examination. PRRSV was recovered from the tested serum and lungs of the pigs examined on PID 7, 14, and 28. Antibodies to PRRSV were also detected in the serum by ELISA. Two control suckling piglets (inoculated with 2 ml PBS) housed separately in another room remained healthy.
Viral RNA was extracted from the original serum sample and from infected Marc-145 cell cultures with 50-70% CPE that were harvested following 2 freeze-thaw cycles. A commercial kit c was used as per the manufacturer's instructions.
The primers for reverse transcriptase polymerase chain reaction (RT-PCR) amplification were designed using computer software d based on the nucleotide sequence of the VR-2332 strain of PRRSV. The primers amplify the sequence of ORFs 5-7. Sequences of the PCR products were obtained using the same primers. The primer sequences were gp5F (5Ј-TCC ATT TCA TGA CAC CTG AGA C-3Ј), pg5R (5Ј-TTA GGG CAT ATA TCA TCA CTG GC-3Ј), mnF (5Ј-CCG AAT TCC AGA GTT TCA GCG G-3Ј), and mnR (5Ј-TGG GAT CCA CCA CGC ATT CTT C-3Ј). The primer localization are shown in Fig. 1A and were synthesized on an automated gene assembler DNA synthesizer. e The cDNA of the viral RNA was synthesized using a cDNA synthesis kit f according to the manufacter's instructions, using 25 pmol of one of the reverse olignucleotide primers (gp5R or nmR). PCRs were run with a total volume of 50 l in a thermocycler. g The reaction mix contained 25 pmoles of each primer, 0.2 mM of each deoxynucleoside triphosphate (dNTP), 2 mM MgCl 2 , 3 U of Taq DNA polymerase, f and 1ϫ PCR buffer. f The cycling parameters were an initial denaturation at 94 C for 4 minutes following by 35 cycles of denaturation at 94 C 30 seconds, annealing at 63 C for 30 seconds, and extension at 72 C for 90 seconds. The final cycle was followed by a long extension at 72 C for 10 minutes. The 777-bp and 972-bp DNA fragments were amplified from the isolate and its original serum sample, respectively (Fig. 1B) . For DNA sequencing, the specific DNA fragments were extracted from agarose gels, purified with the aid of a commercial product, h and processed on an automated sequencer at the University of Guelph with the same primers as above. The nucleotide sequences of the 5Ј and 3Ј ends of the PCR products were determined twice per end. The sequence analysis was performed using computer software. d,i Sequences from the 2 RT-PCR fragments were aligned with their ends overlapping. A total of 1,520 nucleotides were obtained from the isolate. The sequence data reported here have been deposited in GenBank (AF090173). The data encompassed 3 overlapping ORFs, ORF5, ORF6, and ORF7, as determined from homology with the nucleotide sequence of PRRSV. The gene organization, such as the position of ORFs and the number of nucleotides in ORFs 5-7, of the S1 strain was almost identical to that of VR-2332 strain of PRRSV. There were only 4 base differences and 3 induced amino acid changes. Comparison of ORFs 5-7 of the S1 isolate with those of the modified live RespPRRS vaccine virus isolate from Danish breeding herds 5 is summarized in Table 1 . The S1 isolate contained 3 base differences and 1 
deduced amino acid change overall. The nucleotide sequence of ORFs 5-7 in the MLV RespPRRS vaccine strain is very similar to that of its parental virus, VR-2332. Ninety-eight base changes have been reported in ORFs 2-7 between the PRRS vaccine virus j and its parental virus, VR-2332. 8 There were 29, 9, and 6 base substitution in ORFs 5, 6, and 7, respectively, resulting in 13, 2, and 3 amino acid substitutions in their deduced proteins, respectively. 8 Because in China there is no PRRS live virus vaccine used in any pig farm and the S1 isolate could produce clinical disease in 7day-old pigs, it was concluded that this isolate was a VR-2332-like field isolate. The identity of the deduced amino acid sequence of ORFs 5, 6, and 7 of the S1 isolate and the LV strain of the European isolate were 59%, 78%, and 65% homologous, respectively. This study is the first to reveal the presence of PRRSV in the central-eastern part of P. R. China. It was isolated in a pig herd in which clinical episodes of PRRS-like disease were observed. The virus is closely related to the American isolate, based on the ORF 5-7 gene sequence. Further investigation is necessary to determine which PRRSV types are the most prevalent in China and to determine the origin of the virus.
